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foxms 0m solid and ^m tlaid* Hie 8ij|»^vtsi0fi of t^o 
fjtuid stato iRto g^s and Itqiiiid i s a diroet eonsoquei^a 
of '^a axiataRca <^ ^ a attraettva foveas l^ etwaan 
iwlaealas* Hanca^  a siiceasaffiJL tiiaazy of tiia Xi<^d 
« i l i ba oita that axpiidiia tha pjropartias of a liqiidtd 
f£oa a kftowladge of ^ a intaxmolacular potential* 
StatiatJUsal ^&mo^fmai.cs i»ro^daa i^a aital^ieal 
eonnactixm batnean ttia intaxmolaeulai' potantiai and 
thaciBodyiMade obs^valiiaa 9u^ aa pxasaitra and fzaa 
anargy* Non eqi3iiiJbiritti& atat^sMcai asaehanica ptovidas 
a sisdiar cofsiaetion for tlna d^>andafit prope^ias 
siseh aa viaeoaity and t&amitai o^ul^.ttvity« 
Tha atatiatioal aquations can ba aoitrad ai^ctly 
for fasas and aolida but ^ay aia vary diffietiit to 
soiim for llqtiida» An altarna^^^a ai^oi^h to a thaory 
of liquid i s throits^ tha usa of physieal i^dais* Thesa 
iiodala hava improved our eoneeptiial tmderatanding of 
tha natiira of tha liquids but thay hava not provid'^  
very t^lpful for ^a quantitativa pitedietion of liqi;dd 
state propartias# 
2n racant yasors a method baa bean dayalopad for 
modelling liqid^da «ihi«h has b»9n oonceptually valuabla 
and has proved ci^pi^a of giving a quantitativa intexw 
2) 
pr«tati<m ef liulk pwoperti^M^m 1M9 me tliod »«»• • nod^xii 
^os^ mi^ r with fast operation und Isatgt m^m stox-o to 
iiimiiatt* tlio beliavlottr of a large sm^r of ateias i^ 
laoiooitl^s iiiteriii$tif^ andor ooi» ^ttoiofil potontlal 
fuiHEtios* Ho o^ B{mt»Jr i s Ijor^ oimiiglt (»or lilioXy to 
bo) to liAfidlo direotly ^ o interoeticm iHT 1 0 ^ fiartleios 
hut teehniciiies 6xi$t for dealtftg iitth auoh nmllor 
imidiors (lO^ ^ iO )^ iilii^ «tXl g%v roouite not «%«• 
idflcftfitly <i^ ffo3 f^it froffi tr«i» Imilt* 
Beforot ^« «3» of eos^ puter oliKiiXattoii ^ere was 
eoisJUIeroblo int^rost In rolativelr SIB^IO stfttistloaX 
sodoXs of tiio Hq^d stato «^loh «i«r# oxtanslona of 
tho statlatical Hioory of aollds* Maong t&o^t one 
aeams to bo laoro ii!|3ort«ist« warn FJlorf ^ atatiatieaJl 
Hio^ry, th« g»nerajyt|r fayotarablo eoncusrroi^ o witli 
oxperiioent lias onedyraged further Ini^sttgations of 
appJULeations of ^o tho^f to tho intezprotation of 
tho pxopartios of maitteonipofiont ayotosia* 
In ordor to sjintorpret and eoxreiate ih% propertios 
of saer^iolocular ilqiilds and -ttioir solutionSt Flory 
proi»sed a sodol consisting of a Unear seqtionea of 
so^paents endOMed with bard spboro type roptslsivo 
potentials and soft attraeticms of unspooifladeharaet^* 
Bef^Oy thiSt lattico modol was usedi to oxpl^n tho 
liguid properties^ in iMohf changes im voli»e and 
3) 
hmaJL <ils9»i^ twitli cmpo^itien i$ imgleettilf and 
l^iie«9 this BMidttX fails to ar«fl«et ^lattgts i s Miiuid 
sisnteturet account of iibieh i s nccasisaxf for iraaiisiiig 
an adsquata ^asp of solution pzopezti«s» 
The coil nodal iissd bf l*igoglif»*^ and oo^ n^orkars 
%9 chain i!»»l.«cula li<|uids ims not isiieh iiportant baeatisa 
of ^ 0 unsatisfaoti^ xepzastntation of tha intsxn^lscttiaz' 
aneangy and i ^ dopondaneo on vfkhmmm This nodal suf^sassas 
tha ^andomnsssy hf fixing nea^ist nei^ i^hottra of a gtyon 
moleeyle (or ss^pisnt) at th^r scan pasitifms «hioh is 
a foiemost oharactezlstto of iho licptid stato« 
Flory 4^gt%m4 tho partttiim funetima for ^ain 
liquids «Moh has the sama form as introduced bf Earing 
amt Herschfalder^*^ a nuiit>er of years ag^« ^ ssmoies 
tha intenBolecular enexff to depemi only on voJUsis and 
a hard splice rapulaiya potential i s adopttii for wgm 
aients of the chain* Ilia nusher of eaEternal ila#»es of 
fstee^tom i s introduced as a paraoister on the pxeioise 
that the corresponding oodes can he separated unauihi* 
^usly frem the inteznal de^^es of free<Jkisi of the 
Biol^le« 
Knmvledge of i^exiiK»dyniUBic and sffioustical proper* 
ties i s of ^eat iiB|»>rtance in sttnlying the i^ysieo* 
ch^oical hehavloor «id molecular interactions of ffiulti«> 
e^iponent liquid adljetures* Flory Ihsozy can he success* 
4) 
fully cppM^ te calculate thasa pxopeitiesg haacat 
pxavidas an ifitportant tool f^T ^a study of tfea inter-
actS^na in tha smltScoiBpoi^ nt aystaa^^ 
Flojry theoiry has bean appHad 1^ evaluata tha 
j^dticad and tha charactezistic pazasietai^ of the pura 
coioponasts as wall as of l^aix iiiaaary^  taxnazy^ and 
lo cpjiatexnasy mixtares* This tbeoxy has jbaan appllad 
11 succesaiNlly to estimata ti^ vlscosUby** and the 
ttlttsaonic v e l o c l t y ^ ^ of binary ntxtisraa^ the excess 
thezmodynamie properties aiKl tha vi»eosity of iK»ltan 
salts and theiar binary sixtures as tssll as that of the 
liquid Mtrog^ • 
Hiis theory has also been si«;eessfiilly t utiHzad 
Is to cocpnte the sttrface tension of laoll^n s a l ^ and 
^lair fflixttflres as well as those of the polyneric 
solutions. 
11^ WUm STATISTICAL THBORT 
imrmm iiiii-imrr.iiiii.iiiiit»niiri|iiniiniii»irwi mriiMiiiMiiiiiiijiiiiiii » 
I* mSESLSsmBSma^^ Oai^d*? * liquid eon«t«tinf ©f N 
molecules* Each Bsolecult i s diirided int0 r ^9m«iitSp 
n ^ ^ i s def ine &s £BI ai^itraapiiy ehos#n i$o»»txlc 
poxtien of the moiecitle* 
AsSGisii^  a hard si^ iaira sodal for the considaratioii 
of sapulsion betwatn s«|pe»tSp the free iength associated 
«d^ each iii'^ Sf noleeuiasr (or exteraal) degree of freedom 
i s ^ven 1^ T /^^  (v^^ - v* ^^^), uliew v « v/rN i s ti» 
v^ltioe avaiiahie per segment^  v* i s t^e f»t voltaie jser 
segment and ^ i s a ^msteiatte c<mstaiit* %f 3C gives tlie 
numl^ r of external degrees of freec^ai per segmentt ^ « i 
the free space associated ivith the liquid td i l be 
j / / 3 (yV3 ^ ^•i/3j|3r«C 
C^  the basis of these comepts the conf igtirationil 
partition fuf^tion B»y be wxitten*^^^ 
2^  - hamb ^^^^ ^^ '^^ ^ - v*^^^n^^^eM^Jk7) ..*{1) 
MSiere £^ i s the iate»ielectxlaf energy^ le i s Soltxataim 
constantt T i s absolute tw&peratise and Z^ QJQ^  i* 
e<xaibinat(»?ial faetort «i^ ich eiQ^resses the tiuid>er of 
« s ^ of arranging ihe segnients of n noleetiles GW*T a 
spatial ar^ty of m eitest and i s independent of volusie 
and testperattire* 
Sqyation <1) i s identical in form isith the partition 
fctnctitm introduced by ^^gogineg^ Trappeneirs, anci 
Itothot^^* 
6) 
I f V v gtv^s the energy «ssoc;lated with each 
contiuit pa i r in ^ e l iquid, Ihea H e^ intermelecuiar 
enexgy per coiitact pair i s esEpxvsaed as 
e^ere i) i e a eoi^tant eharacteziziRg the 9rmxgf of 
interaction for a pair of nei^houring s t t e s^ anci r 
i s the urolume per sepient« 
If S i s the nuB^r of ifiteniM>J.e(:uiar contact 
s i t e s per segment, then s^S vAlX be «ie t o t a i nusBber 
of contact s i t e s that are possible In liquid^ andt 
hence^ xNS/2 wi l l give ihe t o t a l miaber of contact 
pairs presetit in the M<;^d» Thexefore^ the to ta i 
intermolecuiar energy associated with the l iquid i s 
On substi tuting the ipalue of £ of equation 
(3) in to eqn» (1) and introd«»:ing the reduced vaxi^Xes 
as t 
V « v /v* • • • • ( 4 ) 
and 
f « T/T*: « 2?* ckT/Sn , •••(5) 
we obtaioir 
'^ « 2^omb<^*>'^C^ V3^X)3>^^ eia>(r!C;/v T >- , , , (6) 
the equation of s ta te obtained frtaa eqn«(6) 
i s expssssed in tez&s of the reduced vaxiabies as 
7) 
f " ^ V 3 ^ ^^ 
with the reduced pmssure defined by 
P « P/P* e 2 ^ * ^ /Srj « P»*/«kT* • •••(8) 
Equation (7) conesponds essent ia l ly to the ireduced 
etpjtation of s ta te of Hirschfelder and Eyeing** • » 
only differing in the defini t ions of various reduced 
quanti t ies* 
i^en P s 0, tr^ reduced equation of s ta te 
(eqn* 7) assiotes the foxm» 
In order to obtain v» tiie following paranelers 
e]Q)res«e4 in teastus of reduced variables are en^^loyed t 
The coef l ie ient of tiiezi&al e3Q>ansion|> 
the coefficient of coapressiii i l i tyt 
.•(10) 
4<:« 1/v ( | f )T - £ . I i L r » •*<^ >^ 
p ? d p ^ 
and the thenoal pressuze coeffieSent» 
using eqn, (7) f i r s t for f an^ then for ? « 
different iat ing ^ e resul t ing e3Q>ressions» and finally 
8) 
tUiaiiiatiiig f i s mmeh ease* me obtsliit 
and 
yr/p 1.1 • 1/f f^  » • . • ( i4 ) 
At seearo pxes^z^t 
a t » .i1 .CE „.,•„ .M-n. 1 1 . ^ ##*(15) 
[4*3 Cv^^%-1)3 P* p# * ••^^^^ 
ami 
y « P*/T v^ ^ »*#(17) 
Solving equation (15) for v^*^ we get» 
3(1 • ftt) 
Thus* the value of v may be evaluated fr^ei Hie 
coefficient o f ' ^ e s s a l ejgpansloii of the l iquid a t PiO, 
•diile the Sttbstitutiofi of ? In eqn» (9) y ie lds f 
and hence T*» Sisillarly, the value 9t P* may be caJU 
cuiated firom ihetlteimal preseuie coefficient using 
eqn« (17)» Having evaluated P\ v* and T* the values 
of ^ e paramete^rs C and St) can be caloulated using 
equations (5) and (6)» IliuSt 
St) « 2 P* v*^ « 2 T T v^ •••(19) 
9) 
pyxe lifpliiSy ^ » me«8Sa3ry (stfttistleaX} patraBetsrs 
axe frvftleated using ' ^ e Z'«levaiit z«iati«i» givsn by 
the FXoty s t a t i s t l c a i theory* 
2* ^^nagy M^afttiarea^ t If the t«fo e«i^ >oin»flts of ft mixtttre 
axe denoted by the syb$ari|>t8 X and 2w and the aoIeeuXar 
segcient t s defined in such a way that T^ rniA S'^  sha l l 
l>e in ^ e sratie of the res{>eetive molar core voltises 
v j and ¥* , and S^ and S^ sha l l he in the JNitio of «ie 
moleettl^r sisrfaee a z e ^ of the contact per segnentt 
-^en the charactsxietic and the reduced parnneters for 
the bini^ry sdxtuxe are evaluated as follows i 
Let h^p Aj^ 2 ^^ ^22 **P3£«^nt ^^ numbers of 
contact pai rs betieeen i^e respeet i i^ speeiest and 
'^u/^* ^22^^ *"^ ^12^* ^ ^® energies assooiated with 
ea<:^ p then 
-^o "= -^ 11*^ 11 * ^^^^ * ^12''12^^* • • •^^^ 
In the l i ^ t of the assuaoiitioris a i^ definit ions 
se t fortli in ecpation, E^ « •3:US/2 (n/v)» we can wslte^ 
^ 2 2 12 2 2 2 * 
my 
fttm iRhich the iii'toziBOl»cuiar %mTgf iifty be wftiltefi 
as 
It wiUt lae mmmmd that the xendom mi ad fig of 
tte tfSD component i s taklfig place* Fur^ermozSy i t 
i s ftJLso asSQsed that a spa^iss of kind i iiei^b<ntJ» 
iHtf crimen s i ^ to ho eepial to i t s 6it» fzaetion Q|« 
nhich i s dafified for the hinairy edxtuze as foiiows t 
S - l - ^ i " f£ij^, ...(24) 
S f N 
On liiis hasis» we ioay^  obtain^ 
^ « »^ 1^ 3. • ^^2 ^' •••(26) 
^ *= hHH * ^^^2 f'^* •••(27) 
and 
By ihe subatitution of equatior» (24) and (25) in 
-that of (22)» ^m gett 
-^J^ l^(S/2v) (©x^^ ii + ©2^22 • ®A^n)* •••(2B) 
U ) 
Definifig il)« s^gsent isactiofis p^ and $^ by 
i 4» d>, «3» 
2 " * ^  n ^ 2 / ^ N, . ••(29) 
i / ^ « i^/^ fjL * • / * 2 *• .• .(S^») 
s « <>j^Sj^-I-(j^Sg, •.•(:?7*) 
and 
©^ « (S^^S) p^, • • • • (24» ) 
Ihe charaMptexl^ie px^ssus^t fo3r tto# pttre eosiponeiits 
are ^ v e n by eqn#(8) as 
By analogy^ X|^ 2 ^® cJefined as 
H2 * ^lAti/2^*^ * •••(30) 
«E^/B} « P%*/f * ckT*/? • • • (3 i ) 
P*« <)3^p| • |>^* . ^lO^X^^t •••(32) 
C « C^ ri^ N^ ^ 4- CgT^g / ^ N ••••(33) 
« ^ l ^ i * <t'2S* •••»(33«) 
Oft th® basts of eqn»(3l)t(32) and (33) ^m 
cha^ai^lBxlstie t^^earatuze T* for tt« !&ixtux» i s 
^ven by 
12) 
^em the eharactBZlstic ttmp«rfttaxes^ Tj^  and T^ ax« 
defined In acisoxfiaiiee with «qa (5>* 
iy adoption of the fastiliar iBe*«i«l»t^^»^ 
reJLatlmiJiipt 
fox the homopoXiff species* the latEiractlon paraisetef 
^i2 ^^n be exjaree^d as 
^i2 " P| [MVV^'^^^^2 ^^l ^^ ^^ ^^ * ••'^^^ 
3« ^ n a r y ^jy-faiaass^ ; I t i s asfuaed that tlie texnaTf 
mlxtuxe can be c:on$lde2%d t o be macte «]p of th3Dee 
binary mixtures» The molecules of aie tkTQ« componeiite 
ara divided in to equal s e ^ ^ n t s so that / f e v* « v^ 
« V • Assuming iJie a d d i t i ^ t y of liie core voluotss of 
the components ami adopting the same p2t>eedure ei^loyed 
i n the case of binary isixtui^s, i t ia possible to 
evaluate the characteris t ic paaramel^rs i n s the case 
of -ternary mixtiire, the coiapoiwnts ibeing indesisd by 
subscripts 1,2 and 3* 
Agg aiKi A^ r e p r e ^ n t 
the number of contact pairs between the respective 
species and l e t nix/v* UL fiQ^v e tc tse the e n e r ^ e s 
13) 
asso&i^ itdd mX^ each* Thd% the itii0ms»Mculax onerg^ 
i3i tbe eAse «f teimaj^ ffiijctuse c«i be «rittitn as 
-4» " i^Xl^U * ^ ' ^ * 3^3*»33 *^l2%2^2t%3^3l^3i^^^ 
Sines 
and 
farem which the inteasnolecwiar ^lex^ may be la^ttefi a» 
-% « [S^ ^^ jL^ i^nu"*- V^2^22* V i ^ 3 ^ 
A ^2 «* ^22 * %3 • ^ 2 3 . . • ( 3 8 ) 
2R afyiti^n to ft&susing the ratt^m nixint of the thxe* 
eoi{^ }^ «»nts« i t i s al8D Asctased thi^ • species of leind 
i n^t^ibot^s ar^ ^iiien site to be equal ^ i t e ^ t e 
fraction Qgt «Meh i s <leflne<S as foUmwi i 
S f K 
^»^ • • * (39) 
S 3PK 
On ^i« ^ftsi% 0im m*f ^t» 
^ 2 " ^A%®2 - V # 2 ^ 1 
A^ « V # 2 S •* V ^ ^ 2 ***^ ^^  
and 
Bf st^sttttttSiag e^n* (39) Aiid (^p) ixi^ «^ A« (37)» «• 
j f « - — C0^i|^i^2,l22^3„3^^©2Alli^^3Aflj^3%A^33. 
***««\43) 
Defining ^ « s^^MRit fraetiofui 4 ^ <|>2 ^'^ 4x ^ 
% ^ ^ * **JL * *2 • * # 3 ^ ^ 
f 2 « ^ - <fx ** 1*3 - aP^2^ H 
f * i^* ^ * if» —C *^) 
S « f^^ • f^Sg • J)/3^ •••(42*) 
And 
m 
The values of 1li« ^iaract»2fisti€ pz»a9iiz» foat the 
pixsm «<xspofk0iit8 are fiveii a* 
2y»2 2 2^#2 3 2y»2 
Bf ai»i2^ogft AssyEi^ 3^j » XJJ^ P ^ e folloidliig xeiatiofts 
aze defined s 
Xi2 " -1--2L , 5Cj^  • "^^g" and % " - 2 ^ ^ •.,(46) 
2r*^ 2»*^ 2sr*^ 
Si^stitiitifig ^ba i^iuea of eqn»(^) into a(in«(43)t 
we getit 
: 5 l . . - £ - r Q Pi 2r*2 e P; 2ir*^ e 4 ^ * ^ 
* 2 3' 
- .®A%22»*^ ®A^2»P*^ %®1^2»*^ , . . 
^ • f c l f p i ^ s ^ p j ^ s ^ p * - ^ ^ 
2 ^3 
On sii^^ilf ieatiim* «iii» gets 
^ - c%pf * f#S ^  V I - ^ti^^i^* *>^2%* t#i%] f-
»#*(4i> 
% afiEili»gr witti Hie iSMX^f for a pm» conponent Ifee 
follo«iii9 reiatieti has feeen defined t 
Id) 
~ E ^ ^ « P«v*/? « C1ET»/V .••(49) 
vM«t9p for tlt9 t9smiXf aiiictui*, 
Conparifig •qn* (48) and {49)^^ om obtains 
On Ihe basis of e<|tiatioRS 49v»&ly ^e ehara«taxlstic 
t»wpBT&iaf T^ fj^ tlio ternary n^ xtniE* i s givan by 
Ta _, i3# / / 4> JL y ^ 3 3 % / K # » \ 
T~ ?*a i*a 
u 'a 3 
in which the eharaeteristic temperatttres T| lura defined 
in aeeordance with ^^ le relation for 
Adoption of the familiar Beryielet relationship 
for the hoBopolar speeiest ^m interaction parameters 
^12* ^ 3 ^^ ^ ^ ^^" ^ readily cosputed using equations 
(46) and (38) as follows « 
XjL2 « ^ l C i - CP^PI)^'^2(S^/S2)V252J 
X23 « PJ I i - (P>5)^/2(S2/S3)V2;,2. ^^^^^j 
and 
Xg^  « Pj [ 1 . (PJ/P5)^/2^S3/S^)V252 
17) 
Asstaaing tfa« voXnat ir«(tactlo» p«r«B9t»r ef the 
ternairy misetux^ d to i>e liiitar in mai» fraet&ons df 
th« i»9sipon«nts^ «»» can ncri^t 
and 
f » v/xj^vf + x ^ l • st^vj . • • (53) 
t^eze IT i s th« isolar voltsno of t«niax^ atjctuz** 
4* !;?Bf^ tfyf»gY Htrttta?ti^ « t ^ » i t i s ns^ined liiat a 
cjoatemary JLiquid atisetust can ba eot^l^jred to bo 
Btailo up of s ix bia«ary aixttizoa* tho BoieouXoa of tho 
four eoBponofits aso divitSod into oqttai so^^nts « so 
that vf s rt ** ^3 * ^4 « Asaiming ^» additivity of 
core voltoies of tlio eooponontSt and adopting ^ a sttae 
pxooedsxe employad in tho ease of binary mixto2-ea« i t 
ia possible t o evaliieito tho chaz-actexistie parattotors 
of a quaternary HcfEiid systam* tat A|j^, A^ t^ ^ 3 f ^44* 
\l^ ^ W ^3»4» ^4l» ^24 *"** ^31 *^P*^*"t tho mm^T 
of contact pairs botnoon tho rospactivo species and 
l e t nii/y be ^ a emzgies as^eiated idlh each contact 
pair^ then the intexaoleeular energy of the quaternary 
liqtdd stixture can be rpresented as t 
4 
-^ O '^  i l ^ ^ i ' ^ i i • *l2'^i2 * ^23*»23* ^^ 34^ 3^4 * ^41^41 
* ^24''24 * ^ \ l y^' •.•(5S) 
In the light of the assusptions and definitions 
set out in the equation ^ « -NrSV2ir, it is possible 
IS) 
to write the foiltwdng ©3ipi*si^on» t 
^23*^^2 ^ " ^ 4 ^ ^ 2 2 " V : ? 2 . . . (56) 
A34 * ^ 3 * % * ^ 3 - V 3 ^ 3 
^41 * ^^ 24 * ^ 4 * 2^44 - V - l ' 4 
fmm liiich lutftisoleculai' en&xgy may be written a« t 
^*»1 " %l * ^2Z *^12» ^^ 2^ ** ^ 2^2 * ^33 • ^ 2 3 
^^ 3^ " ^^ 33 * *»44 •2%4» ^^4 " ^44 * ^H * ^ 4 l .•(98) 
^'iS * ''44 ^ "^22 -^^42* ^H - ^33 * '^ U ""^Si 
I t Is assumed that the x^ndcoi nixing of the four 
c^Diponente takes plause and that a i^ecles of IdLnd 1 
nei#boass at aisf given s i te l a equal to i t s 8it» 
fraction 0 | vihieh i s defined aa 
. . (59) 
On this basis , A^. ean he defined i f Ag* repr^ent 
the s ix possible binaxf oofflblnations, i . e* Aj^ t^ \2* 
H^ ^ll• ^24 *"** Hi* 
19} 
By BAki»g mm of th» xelatieiis 
the segment fractions m»f be expsressed as 
HiU.4) * | ^^ , /3^V*l^ 
irtieze 
f « s ^*^* 
And 
S o l ^[aSi^ . t $1% 
lad F H i " i 
4 
From eqa^ C57)t (58) and (6l}t WB ob^ttn the 
following eji^jreegton fos^ ^ e in1toJ%H»le«uiar ei^sgnr t 
®4©i Ai^4 • ® ^ 2 ^ % * ®:f 1^'^6 ^* ••(62) 
By »Sopting <^e fa idHer Bezthelot arelatlonehip* 
' ' i i ** ^%i'Hi^ *"^ •^oaAnf mat 3^^ » X^^, one getst 
^^ « rf [ 1 -. C?|/Ff)^^2^V^j)^/2j2 ^^ ^^ 35 
m 
miieh In ttfm yleWs the fXtml •39>x»ssleii for 
th« iMt&emolecvtUat em^gf aftes «abstlt»tinf th« 
ekaraei^ristie pmatimm in # ^ * (62) s 
By «» itnaiogy wiHi tfee 6n«a^ ig^  of pus* ecmpomnim^ 
^Jt M = P* v*/^ » cl£T*/v «iw(65) 
mmf sIsdJlairJLy Ise e3^£ess#d« 
For a €{»at&nia2Y li ipid B^seture^ 
4 4 
C « £ C^TjH,^ li « £ f t a , •••(66) 
On eompaz-ing equatiofis (64) and C65)# tiie ch^aeter ls t i s 
pzesatur« df a qpsttexnazy Jliqtjid system can jbe ea^iressi^ 
as t 
Equatinfit ( ^ ) <• (67) yi«ld the foXloidiig exprastloii 
for th® characteristic teiaperatiae 1 
Y # ^ ^ ' • •' " ' • • • "• • # » # ( ^ ) 
21) 
quatexnstry liquid sys^m to b« llfk««r 1ft sole 
fraetloists of the OdisponOBtSy f can be wrltton as t 
* 
Hiysy i t i s possible to claculate the eharaeteristio 
and the xeduced parametsrs f<^ the qaatemasy sfsttas 
tisifig tNie above arelations* 
zzz, odjajihrim OF VARZOUS lumisciEmmic 
mttmmtmummtm 
mmcmcms US^G FST 
Smm of Die thezmotfyn^te functimis Xllce enihmlpf^ 
fretf energy* entropy» «3cc«ss volumet *^* i&*sr b<^  «iNi*» 
Iiia1;d€i using tlie FJU^ stattstieal theory ae cfiscttssed 
beJUjw s 
1* IliUlltJLgY gf Wliting t Is^o^ng tlie smell difference 
between the energy end the enthelpy for a eosdeneed 
eyetem^ mi have for the enthalpy of aixlng Ci*e» ^ e 
excess enthalpy} for binary adxtuze^ 
i^lch i s e^fuivalent in fo»s to the correepomling 
esq^ jrcresion derived for Die ntijcturee of n«4ilkaiies « 
Ecpation (70) n ^ also he expressed as« 
^ •*(n) v^ V - - V2 
V M ( i - . i )*K2^»V*( |^i) 
* 2 
• (NiV2©3^ v)Xi2 • •••(71) 
TIio last ^ns in each of these equation® for ^ e 
mijjlncj enthalpy xepro^nts the eontributions from ^ e 
eon^et interactions attributable to a difference between 
It2 pairs and the mean of 1,1 and 2»2 contact pairs* It 
23) 
i s the only tesm noxn^Xly eonsM&eBd and i s e a l l ^ 
ih9 contact interaction tens* the t«3aD« precftiling 
i t in the mixing en^alpy «acppi«^«is prill be xeferjred 
to ats the e<pfttion of s ta te tez»«« Theis^ «entxil3«ition 
4&pB>tviM on the reduced volmoe of Ihe solution ccmpaat&i 
to Itioee of the psx& ^mponents> I t may 1^ <|tjite lazigiat 
sos€tiB^8f dondfiating l^ie contact in teract ion term* 
Ute equation of s tate tesms say be recouped 
into two texmst on? of vihich i s pzopoxtionaX to the 
E 
voJLtiiie change en raising i , e» toAVu » v # the excess 
reduced ipoiu^e^ ^ e other tezm di^eiwis only <m the 
differei«;e betvwen v^ ^ and v^* ^^^ z««> o^^ r r^ » V^t 
this term i s independent of v » I t i s iioportant to 
obseirved that the equation of state terms do net 
vanish for v « O, provided of course tha t -^J ^ v^m 
K Abe and P*J, Flory^ interpieted the e3e;ess 
enthalpies of 23 ec^Boiar binary l iquid iiixtiires« 
litost of these mixtures comprise paixs of small gio«-
bulax- molecuies frcni the ^»>up CmCJi^^ CJf^ ^ 
CCCH ,^)^ , CCi^, ^O.^ 'TiCl^ and SnCi^ o r from the 
condensed gases CH ,^ Ar, 0^ mnd N^, The equation of 
s ta te , contribution i s posit ive for a l l t h e ^ systems. 
Such a contribution tends to be negative for mixtuies 
of components with w r y different reduced volumes* 
24) 
2* Iht ,%^<l^ ftl gyrff PfifirgY fntf %itfwy t zn view of 
eqiiiitieiis (X) and (71)» ihe ftem et»Tgf &t ffiixing 
evmpxisss of « e^»Bbl»at^^ *®^^^(»b " * ^^^coab 
a • kT in Z ^p f^ a contact inte^actimi tesm« «KI the 
oquatlon of state tezms* 2f tho soloculo* of tho tiro 
coB^onents az« of ^M a^oEabXe ftize and ahapo^ tiien the 
^%D8^ should be givwfi ft|^jrop2iatei|r by ^ e ideal 
mixiiftg Xaw^  and the sr^nalning ttxns nay be identified 
wilii the ej^ess f ^ e energy^ Gi • 
ThexefoiOt the xesiduai free eneingyt u i s 
deflised as 
G^« Ac^j.AG^^^^ ••.(72) 
Obviottsiy^ e i s identical with the Ct i f the 
'^ e^oiab ^'^^ ^ represented by th« ideal mixii^ lam* 
If t hoDvever^  ^ e eoaponent iBoleeules differ in their 
size then **»«^co»b ""^ ^^ ejipres«Bd in -tolas of the 
polymtft solution theory* i«e«» 
^^comb *" • ^^^coaib * ^ <%^ ^1 * «2^« ^2 *^ ••^^3) 
Tlie residual free energy for binary mixtures s^y* 
therefore9 be (using eqn* (6) by 
G^  « 3 F Nw* C ^il^pihR C(^^^ -a)(y^3-l)3 
• ••(741' 
* *2^2 ^2 '^^  ^^^2^^ - i ) / (v*/^*l ) ] • ^ t ^ . 
Slznil«3rly, the residuaX entxopy, S» « may be ejtpsemm4 
as 
The <»xe#ss entr^py^ S^ ^^  i s reiattd te the :r«stdti«i 
AS^^ » -R in^ln in^/H) 4- N^ ^« (Ng/^)* •.(78) 
According to this oi|uationt the residual entropy 
«iXX iKot vaniiih^ in general* nhen i^e irolimte ehaoige 
en miidng i s redi^ed to zero i»e« for v « ^i^x * 
^2^2 * ^^^ assertion i s at vazianee «dth the 
concept of a regular solution as one whose entipopy 
af mi]dng i s ideal «ihen i t s volume corresponds to 
the iNilditive yolistes of the e«i|x>n&nts* the contri* 
hutiofii of equation of state tenas to the enlSEtipy 
di^nds on the reduced voluoe of the solution v » 
but i t does not vani^ in gsi^ral f<ar AVu » v » 
26) 
Ejmainat^n of the ealeuiated and obseiyed 
intf@pi#s i»r0sent&«l by A, Abe and l>*J» Fioxy^ leads 
to tlie folloidiig eoncliisiofi t ( i ) The sign of the 
caJ^niated eseeess Bw^3tepf is p o s s l t i ^ In neairJly all . 
cases» (2) the calculated excess entropy i s generally 
le^s than the iralti^ obsean^d* (3) Ibe dlspaarlty between 
the calculated and the ehserved values i s l$s^ for 
s^xtu7«»s of hensene with a l i i ^ a t t c hydzocarhons^ 
including eyelf^exane* (4) Mixtures of cycl^exftne 
wilh n«-he]^ne tmd ii>^e|^tane shoii s is i i lar discrepancies 
thou^ of i&uch aaaller i&a^iitude» (5) Agreement in 
experiisental «td theoxetical value for the condensed 
g a ^ s e«g* (M^^ Aat, H^* 0^ etc*t &^ satisfactory* (6) 
The henzene di^^ienyl and the hydrocaxhon-f luoro caxfomi 
systems display agceeiaent vdthin the probahle l i o i t i 
of unce r t a in^ i n the vaiii^is ejQ^eriffiental c^iantities 
invoiKedf ineludJbig the posfiihle «rror in the value of 
r for diii^enyl* 
Inequality of looleeular s i i e s for the two cooponents 
su^fe^sts i t s e l f as a possible factor augsenting the 
excess entropy* Only for the benzene«»diphenyl systtia 
has tljis difference been taken Into account in ^tis 
calculations* For several of the other systnss , the 
difference be^neen the core volusffis of the two compo^ 
f»nts» ind ica^d by ^ e ratio» t^fT^t approaches that 
27) 
f«p the b«naen©-diphli«yl pair« TWLs fact » i ^ t 
suggest that eqn« (?7) jilioitiid be addpted foir the 
e^sbinatlfariai entropy in prefetanee to the ideal 
e!itrop»|r eqn* (78) fer ©tlier mlxttirei^  ae weil« Heiweirer, 
boHi llie molBtut&r species in e^ t^ents other l^an faefw 
sene cd^enyi are gl«bui«r in fomt ^^ ^ f<>^  ffiiartore 
&i sui^ meieeuXee e^* (77) otpereetisiates the ^entri* 
tnition «f c^<Hia> c««*^<^3rably^t Moreover* T CAS^^^^-
AS^^) ealcuiated ^ing e<{t2ations (77) and (^) 
convergee rapidly to zero aa rj /^r^ approaches ixnity* 
Hite largey esffiess entropies for henzene^eyci^iexane 
and for the henrei^ w^n *aikane mixtures suggest an 
ordened azrangeii^nt in pure benzene which is dissipated 
by mixing* Jti^ genent of the lesser discrepati^i^ betwean 
the observation and ^ e calculation for other syetssiSy 
in so far as ^ese ^screpaneies ews^^ the coist4.ned 
effects Gt incident ej^terimental exjwtB, should be 
teii9>ered by "^ e r^Uization ^ a t the ideal entropy 
miidntg law i s indeed an idealization and ^erefore 
apjiffojdmate when applied to real systems* the fact 
^hat the obsen^d ezsess entropy generally exceeds 
the calculated value suggests that the mixing of 
disiJiBilar species tends to introduce disorder beyond 
the ii^re randomiza^on of positions of the centres 
of the ceMipoiWRt molMSules or ^^ p^oentst «^ch alone 
i s taken into ai^ eoistt by the usual combinatory 
ej^r^issions* 
^ > 
3* Thg dbciBical Dotentiai mad y»l«tgd partial aolaa> 
libe ehea^aX pot^ntiaJl of eocq^ onent X (fear bfnary 
ffiixtufes) i« given |jy» (|»x * »*l)/^ " f^^^ )7 l^j ^^  • 
By iUfferentiation of eqn (74) foXid«e4 by sabstitutloa 
txam ei]uati<»i of state (9) as applied both to ^e 
siixtuxe and to tiio pmxB eoaponanttt 
• Cr^ -V ) ] . 4. (vj Xj,jg/v)©| . ••(79) 
Eqn* (79) i s eipivalent in foan to the expression 
for ihe eheodeai potential in n«*Alkane ni.xta7flS 
apart; firoA '^ le xeplaeeoient of ^^lent fractions ^^ 
by the site fraction ©^  ^^ ^^ ^®t term# 
l^e par^al solar enthalpy of dilutlen i s expzeesed 
as 
fj^  « H^  - H*> « pjyj U^l J^ ) • (aT/S?)(\-.T>/T | 
* Cvl X^j/v) (I ^ at) ^ . ..(80) 
lOhe partial laolar residttsl entropy i s es^reseed 
^ -P[v* [(:ff^/T) in [ ( v p - 4 ) / ( ^ / ^ - l ) ] Amm 
(f^-T)/T 3 + CE (vj 3^2^) o| . ••(81) 
29) 
P»J# Flory* R*A, Oswal.1 and A, Vt i j^ <iexlve<l tb« 
i»artiti<ifi fttitetioti and ei^tiatioii of s ta t» for ^ e 
ffiixtuires of hooolo^us chain BKiieeuljes* Thoy intsxw 
pxeteid tho thenBod^iaaic pxopextXBi of iwalkanes 
usingi ihe relationships dorived by FXory * Mixtuzes 
of a^i^araffiii hyiXrooaztions havo iyeon att»ieota of mme 
of tbiO iBost p^nstaidLng ex^rliaoiits In solutions of 
noil froiar HqtAds* H i ^ r «ti»iiea have imvn coneexned 
wltlii Iho voimBd ehango en o i x t n g ^ ' ^ f with the 
enihaipy of ©ijdlitg^^^t with -050 exeoss chculcaX 
potent ia l andt ooro zecentlyt vdth the i4ii«noffianon of 
lovpeif e r i t i e a l miscibi l i ty mhtn one oos^onent i s of 
low BtoleoolflS' Miei^t and the o^hox very high* the 
exeeais v&hmxn of mix^g i s negative idhilo -the excess 
enth^ilpf i s s i ^ l l and {^sitive a t low temperatures* 
the exeesa oheisioal potent ia ls for siixtures of 
d i ssJMlar n-»pa3ra|fin hydrocaxt^ons aze negative^ fa^t 
eonsJlders^ly smaller i n nagnitttde than l a t t i e e 
tlieojdes »oyld predict* 
iWMiii—MMiniiiiHi iMii-a—iitwwii.iinii i«iiiniiLiiiii>>«iw»i««i<»iiiiii»ii»giniiiiii.iinrtiiiiii iii iriin n n w i i I I I I L I H H M 
vBWornM yisc(^trf* S/RFACH TEIISICN. 
<i> III! milIIiiirnni ii.iiilKiiiiiiin.iininiiii uiiiii ••iii iiiiiin iffiinam i.iiniii mjimiwriMPwu-iiiiiiiMjiiiiinumMii.* 
' •MiMa^MiMlMaMMiMa^MMMtMniMiMlinHiaaM^ 
In IMLs $6etl^» exeess iroiiiis«> surfse^ t0n^o% 
sitrmiiiOfde veldclt^t viscosity* ^emttl eonetoctivity 
bawe feeefi ealeola^d uslfig t ^ partition fiiiieti#f% an<S 
oiiuatitm of state daidved ^ FJyoxf« and fiat«i!« of 
i{t^»atctio»s feavd baaii disensiwcl fez> tlia diffairant 
i]iuJLti€<^ l>oiiant Sf«ttsa« 
1« ff^iisfi yQ^^aim t The devlatioii f«oiB idtal t»haviotir 
emi b&st be expresaad In t^ zms of exf«ss thesstodynastic 
funetioRS Dihi^ giva laoxe cpjantitativa idea, wbtmt the 
natuxa of iatsxactions* The^ fufjctions as^eslito of lauch 
use ID '^e dewlopaiefit of statistical #)eo3^esp based 
on fluid models* 
Esipe i^Eieiital detezminatimi of exeess ftinetiofis 'for 
suitahly shosen mixtures have served as a valnaijle eheet 
of the pie^ttctions of difi^aeent theozies of solutions* 
E^ess volume of mixing fox a suitably chosen aiix^ze 
can also be used to eheck the Flory ^eory* l^ lotry defined 
the reduced voluo^ by -^ ie equation* v « v/v*# 
2f voluiae reduction paraseter i s linear in »ole 
fractiony then oi^ can mrite for the binary loixturet 
V » ' 
x^vf • x^v* 
or excess reduced voluisey 
V l * ^ 2^* 
31) 
o r excess voiu®e V^ « v x (x^vj ••• %^y^)m •••(82) 
the zeduced exeosf rahmm ^ calculated using tlie 
re la t ton^ 
p^ as ir • V 
uliaze ^ i s the r e a l zed»eed ^olm» of the li. xtuxe 
and v^ * i s the ideal redyced voluse* 
If no voluBie change occurs on f ixing then 
Hencei 
v^ = V -C<?ivJ + $2V*)* •••(83) 
Thie various reduced and character is t ic parist^ters 
can bei obtained employing the l^eory of FJ«Jcy» Substi* 
tutf^f of the value of v in egn* (@2} leads to Itie 
expression for the ej^ess volme* Calculation of v i n 
th i s isianner i s tandered di f f icul t bf the fact ^ a t the 
equation, 
J » ^'^^/^^ * ^^ ^^^ exp l ic i t ly solvable for 
V 11 
V* «^ich must be exactly calculated from T due to the 
«Ball difference involved* In order to avoid these 
d i f f i cu l t i e s esecess reduced volume may be dizectly 
calculated by 
Differentiating the equation T «= ( and 
subst i tut ing in that of (84) lead to 
32) 
V « V [4/3 «» V J (T • T ) »*»(85) 
«*«ie ¥® i s the Icteal seduce voiuse equal to ^^X^^2'^ 
f^  1$ tlie idea i x'edueed temperattize e< a^JL to 
^ i ^ ^ - i / ^ ^ ^ and f)j^  « i « fg « •»l^lA»iVl • «2^2 ^* 
segment j^z'actiofis for the t«yo eomponent* 
J«D, Pandef* e t a i ^ ext&fKied tiie s t a t i s t i c a l 
siechanieaX eoneept of Flofy for the theozetieal pzedi«» 
€tion of excess iroJUsBe ef cptaternary liqidd mixtures 
asaunifig tivo body interactions* the resul t ing expression 
takes on the term, 
^ «. V** » V a i^•' " - • •••(86) 
i « l ^ ^ 
The ejBB&ss reduced volume of the roixture v can be 
def i f i^ vdth ^ e help of the following ejq^ressions t 
iShich gives ? « ^ 4- v ^ to the above equation T** i s 
the ideal reduced tempexature corresponding ^ the ideal 
reduced volume v®, and i t can be obtained i f the add i t iv i t f 
©f volumes prevailed* Values of T** and v^ are evaluated 
by using the re la t ions^ 
P = i{^)^^^-^l]{\)-^H and v^  « 1"^ ^^\ . ••.(88) 
the value of T for a quaternary l iquid mixture can be 
evaluated using the relation^ 
33) 
^ ^^  # . i ^ ^ . . . • (8^) 
The ehai^aeteristlc pressure P of a quate^maxy liquidt 
mixture can fdroilarly be obtained from the l e l ^ i o n ^ 
^* * L l ^1^^ ^ ^^l^2h2 * ^2V23 * *3V34 * ^-f 1^4l 
^ ^2^4^24 * ^ 3 ® 1 % > - * ^ ^ > 
where f, 0, X^ g^* Xgg, Xg^* X^» X ^ and X3j^  are respectively 
the segment fractions^ s i t e fraetlonsi and the possible 
Interchange ene:i^ pazBmeters of qftiaternary liquid mixture 
assuming two body col l is ions* The segment and the s i t e 
fractions equations used In Flory's s t a t i s t i c a l theory hme 
been extended to evaluate the excess volume of the multl* 
component liquid systems* In the l i g h t of t»«o bOfiy Intexw 
action^ the e j ^ e s s l o n s for the segpoient and the s i t e 
fract ion of a quaternary liquid system can be SiBoaarlsed 
as follows s 
f4 - i«4 —Asa 
-^^  '»* r r,N. J « ^ - ^ - - • Ll ^^ '^ ^ X, . Z X^(.J/.J) 
and 
6 
• . . ( 91 ) 
V A (Vi^i)w 
^1-4 S r N ^*^ 
^ Lx '^ "1 
34) 
© i « , „ „„4ff^,„-„,.L- ••.-. ..M,i f • • • ( 2 9 ) i mmmmmmJifiirmmimmmmi 
1-4 j«4-l ^ M m.l^'i 
whexe 
i=l*4 
1 |i j and f e I* ^i^i/^ 
1«1 
The values of yaxious intsrchangt energy parwoeteX'S 
ean» thySf be computed by adopting the familiar Bertha lo t 
relationshipf 
2T 
irtiere 
(S^/s^) « (ri/r^)-^/3 « (vJ/v*)-^/^f 5^j « X^i. 
"Hie scarcity of the expeiimental data on the excess 
voluae of quateznary liquid mixtures has hampered the 
theoretical developf&ents in Ihe f ield of thermodynamics 
of multicomponent systems* However» a considexabXe amount 
of experlmental'^^'^ and theoretical^^*"^^ woik on the 
excess volume of ternary liquid systems has been done 
and i s s t i l l in progress. Recently^*^^# a general equation 
for estimating the excess thezmodynamic and other physico 
chemical properties of multlcomponent system from the 
obsearved properties of their vaxious contributory binary 
combinations of the components has been developed and 
35) 
applied to vairious multleomponont liquid tystesis* Th« 
Fioxy-Patterson^^'^^ thtory ha« baan axtandad to 
tarnaty liquid nixturas ineXuding ergarde liquids^ 
liquifiad gaaaa* andmetal allay a for tha eomputation 
of surfaca tension » axcaaa voluma^ ,^ uli^aaonlc velocity 
viscosity"^f activity coafficient and the heat of mixing* 
The atudy of tha multicoaponent ayateraa pxovidea crucial 
infoxmation regaxding design claculationa involving 
separations» aasa tranaferp heat transfart and fluid flow* 
The study of the excess volume leads to ^ e twe 
iinportant structural aapactt that can be asauned by the 
relation 
£ in which "V^i^^ is associated with the size difference 
Of molecules v*ille v^ ^^ ^ with the interaction forces 
between the tnoleculest Theoietlcal studies of the OJolecular 
interactions in quaternary liquid mixtures are very 
complicated due to the involvement of three and four body 
effects, However» in mqlticomponent system i t appears that 
t^e contributions of three and four body interactions 
are less efficient and eontrlbuta very l i t t l e to tha 
energy of syst^s . Tha4 16 why the results obtained by 
considering the two-body interactions ate found to be 
excellent* It is supported by the experimental studies 
of tha molecular interactions expzeasad in taxma of 
36) 
c 
V/g\i the voluBte of alxingt antuaing the «dditivity of 
bin&Tf eont;rihutionst This can be expreeeed bf the reXation^ 
« . . « ,^ . « . X^  « , «, . ^X. mctio™. Of t h . i , 
reapeetive eomponenta and V j^ la the volume of laixlng 
of eorreaponding hlnairy mixtures* Consideration of two«*body 
interactions is aXao supported theorttieaXXy bf the 
BartJfand Acree Bruchfield^*^ (BAB) equation* In this 
ecfuatlon properties of mtiXtioontponent iystems can be 
estimated «dth the heXp of the properties of their con« 
tributory binaries* Thus onXy two<-body interaeUons are 
taken into account during the desivation of tlis proposed 
method^ negXeeting the three and the four body interactions* 
Exhaustive study of the excess voXume of muXticomponent 
Systems reveaXs that the strength of interaction between 
the t«ro components k9 weakened by the addition of the third 
and subsequentXy the fourth coii^onents« 
A rough estimate of the extent of weakening of 
interaction has been discussed in detaiX by Hastogi^ « 
The change in the interactions of a quaternary Xiq^ dd 
mixture reXative to a binary i s given by the xeXationt 
AV^ e V ^ - V ^ ^ j * , , , ( 6 9 ) 
ThuSf a quaternary Xiquid system appears to be 
a fairXy typicaX exaapXe of the extent of weakening 
37) 
of Interactions propoartional to tho nuisbajr of eomponents* 
Tho second structural aspect of the study of the 
E 
excess voluias i s V |^ «» which is defined by 
^size " f 1 ^ (vJ-vJJ]}^Cl-.(9RT/TT)(vV\)r^ . . . (97) 
where the interaction energy ^ is given by 
- i»4 
iol 
"Die physical significance of the notations used and 
their evaluation is defined by Kiyohara et aX^* It le 
evident that the difference in the sign of V^  seeas to 
reflect the superposition of the si^e effect upon another 
which causes contraction* Most probably contraction may 
arise from the disruptton by the mixing process of an 
expanded dipole«dipole structure of the pure liquid com* 
ponents* Increased disorder in breaUng the ordered 
structure is more Important than the loss or gain in 
tr&9 volume* It was found tiiat the magnitude of excess 
volume depends on ©2^ 12 ^•^^^^^ ^ ^"^ Pi^i because 
i« i l 
a positive value of X^^ increasesf for the mixtursi 
making ^ > ^ and hence v^ > 0» The difference in the 
molecular sizes^ ^ e nature of intermolecular interactions 
and the r««ezie relationship seem to play a vital role 
in determining the excess volume of mixture* 
38) 
2. ^Mlt^ gg niffmto » A better undeirstanding of ^e surface 
thermodynaiBies of a multieoeiponent ays ten ia of eonsl* 
derabie phyaieo«*ette»l6al intex^st and i s etaential in 
designing caXeuXationa involving saparationty heat 
transfer, laass transfer and fluid flow* A substantial 
amount of work has been done on binary^ "^*^ "^  and temary^^^ 
liquid mixtuzos* The various physioo«-€heiaioal properties 
of a muXtieoaponent system can be studied using the 
Bertrand«.Aeree BruchfieXd^'^ (B^B) equation as wsXX as 
the statisticaX nechanicaX concept of Flory^^^^ t^ In FXory 
theory, the prc^erties of a muXtieoaponent system are based 
on the properties of their pure component Xiquids« 
The StatisticaX mechanicaX concept of FXory yieXds the 
foXXowing ej^ression for the surface tension of a pure 
Xiquid and its mixture, 
o « «•* S m •••(99) 
whete &ta* and o etf the surface tension, the characteristic 
surface tension and the reduced surface tension* FXory 
theory i s eXoseXy connect^ . with the corresponding 
states theory^ of Prigogine, «iMch employes a simpXe ceXX 
modeX of the Xiquid state* Patterson and Bastogi ^, in 
their extension of the corresponding states theory, 
deaXt' with the surface tendon in terms of the reduction 
parao^ ters , 
a* n kV3 P*2/3 T ^ / S f . . . ( lOO) 
caXXed the characteristic surface tension of the Xqiuid 
39) 
mixture* StarUng ttom the ^uox^k of Psrigogine and Sarage 
Patterson and Haatogi aJLao derivtd a tedueed suxfae* 
equation In the case of a Van dex- waals liquid i «yhich ean 
be ivritten as 
5/3 ' ^ *»l/3 
dm «[M *^ ^i^h:f^ )in (Ix/ifl' >^ ...(101) 
AXX the t^ ^mboJls in the above equations hwre theii^ 
usual meanings and M i s lite fraetionaX decrease in the 
neighhouxheod of a ce l l in Hie suxfaee phase as oempared 
to the bulk phase* 
In ^e light of the above extension J*D* Pandey and 
Pant^ have calculated the surface tension of a tstnsry 
mixture of hexane«»decane«-hexiideeane polymer hanologues 
at 30d«l6l Cf over a wide range of composition* there is 
reasonable agreement between ^ e theory and the experSment* 
Recently Pm^y et al^^ have affiled the Flory theory 
for the calculation of surface tension of quaternary liquid 
sys terns for pentane^he xane^cyclohe xane«>benzene and 
pen tane«4iexane«benzene-toluene at 289*15 K* Ihe agreement 
between ^ e ^eory and ^e experiment has been found to 
be faii ly good* 
The results obtaimd by Flory*s statistical theory 
can be improved further by considering thee and four 
body effects also* In defining the segment and the s ite 
fractions! spherical shape of the Boleeule» i»e«t ^ e 
minimum area of contact has been assumed* The possibility 
AO) 
Of only two«4>ocly intejractionii has b«en considered during 
the exteneioft. However^  thex® i s every possli^iUty of 
three and fotuMbody Intsraetione aXeot and these have 
been ignored in oxder to sinplify the thooretieai pro€eduxe« 
Although thuee and fourdi)ody interactions contribute very 
l i t tie to the energy of the system they probabiy can 
net be ignorsd in spite of the spherical nature of the 
molecules. The possibility of three and four body 
collisions increases as the chain length* i*6*» area 
of contact increases* Thexeforei in order to calculate 
a comparable result, a correction texm i s needed to 
include 'three and four body effects in the evaluation 
of charactezlstic and interchange energy parameters* 
If molecules of larger contact area constitute the 
multieomponent 8ystem« Ihe eiqpression for ^e chara#« 
text Stic pressusre of a <|uatemary liquid system will 
be of the foxm i 
®ail23^l23 * *a,234®at234^34 * ^a»34l^a,34l^34l'*^a,4l2 
®a,4l2*'^4l2^ * *l'a»l23^a»l234^l234^ #..(102) 
where %, %, X^23, Xj^ , x^^, X^2 and x^^^ are 
respectively, the segment fraction, the sita fraction and 
AX) 
th» interchange 6n9Tgf panosettr average of their 
poeeibXe contlributery liquid eoiBponenta, Thi« relation 
ean uXtisately be uaed to eyaXuata the Qharaeteristlc 
temperature of the tDuXticomponint liquid laijcture* Fin** 
aXiyt the correct form of the equations for the charac«i> 
ter i s t ic pressure and temperature may be used for the 
computation of the surface tension of quaternary liquid 
mixture with a larger area of contacts The application 
of eqn» (99) to quaternary liquid mixtures i s based on 
the aetiAption <^at they are equivalent to 8ingle«.«om-
ponent liquids effeCitivoXy ignores the differences in 
t^e concentration occuring at the surface of the mixture* 
3 . VJit^ifgnlfi YtAgs4ty t ^ « ultrasonic velocity has been 
extensivtXy used*^ **^ ® to study the physico-chemical 
behaviour and molecuXar interactions in muXticomponent 
systems* 
FXory<»Patterson tiieory^'^'*^ in conjuction with the 
Auerbach reXation^ yieXds the following expression for 
the ultrasonic veXocity« 
«2«i 
_ ^ ^ i i ^ , X„ ( i ^ ^ ,2/3 ...(io3, 
where kt P*i T*, ? , ^ end M are the Boltzmann constant» 
the characteristic pressurot the characteristie temperature^ 
42) 
the m&BSi d«nsity» the reduced voiucie of the mixture^ 
and the fraction ofneaxest neighbours that a sioJlecuXey 
1.086$ «i^ile noving ftem bulk of the liquid to the 
8urfa«e» the^ patais^tera can be ealoulated uaing the 
method giiven by Flory* 
Several atteapta''^^ have been laade to examine 
the statue of FXory^ a atatistioal theoiry in the light 
of excess therisodynamic functione* Recently Pandey '^  
and Mishra^^ extended the theoaey to compute the ultra«» 
sonic velocity of pure liquids as a function of temperaturt 
and pressure* Attempts haye been made to extend such 
studies to ternary liquid ndxtures as MOII* R&centlyt 
Pandey et a l ^ extended the Flory-Patterson theory in 
conjunction with the empirical ^erbaeh relation to 
study the acoustical properties of quaternary liquid 
mixtures 9 
4. JliB;^ mi^ .iig.Rtillfilivi.ty « '^^ thermal conductivity of a 
liquid can be calculated from the following es^resslon^'^ 
A« 2.8 U n^^ r"^/3 U •••(104) 
where y <Ufid n stand for the specific heat ratio and 
the niiber of molecules in a unit volume* Substitution 
of the value of u from equation (I03) into eqn (104)» 
remembering ^ e n «> f/m ami M » 0«33t yields^ 
43) 
X» 38i J|W9 «,.2/3 ^^m T^3 ^„/ j4/9 ^ ^ 2 7 ^ 
Here n (» M/N) ifi the mast of a ndl^euiet M and N air« 
tha Boleeitiax' «»eight and tiia Ai^ 0gatfra*s nta^r* 
pandey et al have madQ an entlirely new attanpt 
id use FXd2y*8 staHatleai ^aoty ta caleulata l^a 
e^3M&aI eonduetlvlty ftmh t^e i£itrasani<s vaio^ity 
thxaufh liquid r^t£^^n o^ ei* btoad srangaa of t»Bi»» 
pexatuJTd and peres$u:ra« On Ilia basis of thaae ^aauita 
ona Kiay <san«iada tl^ at tha Flor/'s ^aaary» wHi^ li i»sta 
on the sraduced fosnn of tha ai|uation of state ^ a t i t 
adsu&iad to hold uniyarsalLyy i s also able to predict 
the themai conductivity of liquids aa a function of 
tampairatyixe and pteseuxe^ 
&« y^ .g^ M '^^ Y ^ Viacoail^ of tha liqyld ia thaosetieaily 
jfeiated ^ther to tha activation energy xequisred for 
the ffioleouie to overcome the attractive foreat or tha 
probability of an ejdatlng empty ait® near a naieeula* 
For pure coaponants i the viscosltiea are related to 
tha solution activation energy, A(^ by the ralatian« 
"i - * *«> t ^ ^ * - ^ i } . . .(106) 
«^exe f | ia the reduced v^ iJUiaa for ^ e pure companant i« 
Taking Xogarithn of eqn» (lOd) we obtaini 
44) 
In n| « i« A '••^SL^,. . 1,,. • •.•(107) 
This 0(}uatloii may M ajapUed to solutidni ae mil 
aa to pit29 eompononts to otitain tlie e»s««8 viaeo^ty 
whieh isay ba exprtasaii as t 
Ain tj e In T^ ^^  m Cx|4n rij^  4 Xgin Ug) •««(i08) 
for a binary mixture j\j^ ami tjg are ttie vla$oaiti#t of 
pare coaponents 1 and 2i ami 
In T I^JJ « It^  In A * Xg in A "t-^li 4. -M^ • •t(i09) 
Here v** I5 l^e reduesd volumo of ^e mtxtwr© and dr 
i$ the solution activation ot^ rg^ r v^ieh Is xolatod to 
th© pure liquid activation ©norgiesA(^ andAC » ^n^ 
tho ejcceas ffo© onorgy of mixing, A% by ^ e isolation'^®, 
AG^ « jCj^ AG^  + * 2 ^ S ^ * ^ % •##(110) 
Using eqn8« (107) ^  (10$) and (110)« 0 ^ (IC^) nay 
bo «fritten aa 
X,AC^ X^AG^ 
AOf 
iiffliiii 
RT 
^ 4 ^ 1 - [^ ciftA *^fL.-*• sjsr) 
• XgClnA^ S " v-^ )^ 
or 
A l n n 0 **-«-3L. A S?**** • A,.^ .. "•• .  ^. .- /' 111 % 
V * V *»1 V«,«»i 
45) 
x^  Xn i^ j^  *«• Xg ill 2^* •••<U2) 
lb© Mdueea «Rd tk& cl}iatA«te3fiitl« patwaetfties art 
«vaiaat0d fey tpfslytng «te Fleir^s theoi?y# The valut 
©f the Hfee enespfy of wlj^ ng i« eh tain a« follows i 
^2 V ' *»1 
» * . 
Whext e Is the $ite firactliin anci x^ g 1« the Intejp-
aistioii peraaetert The teducei yelwe of a alxtiixe i t 
obtained ttsing the followihg ej^reealoDf 
wheire V^  i s the molar irolu e^ of the ralxtuse* Paadey 
and David evaluated the viseosities as well as the 
excess viscosities of bluasy i&olten ni^ate roixtwres 
of varied ooa^otitions at several tenp^attires hy 
eoployiiig the Fiery»s statistieal theory* The agree* 
raent hetneeii ^ie experSiaeiital atid the theoretical 
values was found to he satisfaetory* 
C QJCJ? u s I OH 
In view of the above eonsidejration^ one tmy asrrive 
at th# o^n«:JliiiiOfi ^a t the f%&tf 9tati«tie«i l^oeacy €«n 
be atieeetsfnUy applied to^  evaXuato Ute thexBio«» 
fiyfiamief the transportf ae wteXI. the aoooetieaJl properties 
«dil6h are of ^xeat aignlfioaace in atudying ^ e noleouXar 
interaotlone in muitidomponeiit llqtilci nirtiirea* Fiory's 
^eory offers the folXowlftg advantages over Ihe other 
theories of soiution i 
JLt In ffiost of the theories properties of mtiitieoffiponent 
syetens are deten^ned by tttiliiing the properties 
of their binary soiutions but only the fiory^s 
statistieai theory can be aticetsefuiiy used to pre« 
diet the properties of BwXti^ osqdonent systems from 
those of their pure o<»nponents» 
2« In the caXeoiation of txieess funetionst a i i the 
neeessary parameters ean be detenained ts^erlotentaliy 
e,g, densitiest isotheraai eonpressibiiityi coeffieient 
of voiioi^ expansion for pmte oomponents ete« 
3t Suoh a theory also explains the change of sign of it9 
exceaa functions of mixtur^t «»hereas in the eonfozsial 
soluti<m theory a l l the excess functions are either 
positive or negative* 
4» The studies reveal that the FloryU theory need not 
be restricted to only noleiular liquids but» in 
47) 
eaiK i^natioii wi^ th« fjreo voii»ae th#07yf may 
also be applied to stiMly the behaviour of ionic 
systems* 
Peirhape the noet serious 8h0X>teomifig of ^e theory 
oeeiixs in llie equation of state for the puxe liquids* 
The effect of «ii$ deficiency on the analysis of 
xesuXts for mixtures can not have been eliminated 
altogether by llie ^evic^ of choosing those values of 
the paraaoters for the pure coaponents corresponding 
to the teoiperature af^licable to the data for the given 
ffiixture« HiuSf a theory iwhich would better repute sent 
the equation of state for the pure liquids could be 
expected to afford the basis for iaproveaent in the 
treatment of iaixtures« Howevert the theory can be 
improved further^ if the emrgy i s represented as 
depending on an arbitrarily inverse pov»er of the 
voiiaae differing from unityt v* i s treated as toa*. 
perature dependent and allowance of change of C with 
temperature is made* In this tlieory the possil;dlity 
of only two«wbody interactions has been consicjieredf 
and the theory can be improved by considering 
three and four body effect? the contribution of which 
is significant for molecules with large contact area« 
m) 
m&tB^x the nature of tefineraents whieti m&y 
be fortheomlng In the fuiiamt ^hi« vmsik on floxf 
theory sexyen to <itmon«tta'to t)M istportftnce of eqi* 
tion of state contributions to the excess propeirtles 
of mixtures* m ean also 63mi^ at the <;oneXuiive 
juncture that the FJLory theo^ has been found to #hr 
be of uidyer^X applieabiXity to systesa of varied 
nature irretentive of the forces which hold them 
together and conaequentiy ifieed not be reatricted 
to laolecuJlar Uquida* 
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